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ABSTRACT
Phenolic compounds like phenol, resorcinol are widely used in chemical industries, in production of
synthetic resins, plastics, polymers, dyes, pharmaceutical industries, as disinfectant waste, oil waste
etc. Number of industries located an area of G.I.D.C in Surat, Ankleswar, Vapi which generates effluent
containing phenolic compounds. Chemical and Physical treatments are used to remove it but having
their own cost and not ecofriendly while biodegradation is an alternative method of it. Thus, attempt
was made to isolate indigenous microbes from the contaminated sites which can utilize resorcinol as
sole source of carbon and nitrogen. Resorcinol utilizing microbe was successfully isolated from the
soil sample contaminated with industrially effluent, collected from the Amla Khadi near Ankleswar,
Gujarat. The bacterium was successfully grown in Bushnell-Haas medium embedded with resorcinol
as a sole source of carbon and nitrogen. Biodegradation studies with different parameters like
resorcinol concentration 100 to1500 ppm, pH 4.0, 7.0, 10, temperatures 27o, 37o, 47o C were carried out.
Our isolate shows maximum degradation with pH 7 at 37oC up to 1000ppm concentration on shaking
conditions. Significant results were not seen with other parameters. On the basis of morphological,
cultural and biochemical characteristics it was tentatitivly identified as Pseudomonas species.

Key Words : Biodegradation, Resorcinol, Bushnell-Haas medium,
 Pseudomonas species, Phenolic compounds

INTRODUCTION
Environmental pollution has been considered as a
side effect of industrial society due to emission of
various pollutants. Among them Phenol and
phenolic compounds like resorcinol are widely used
in production of dyes, plastics, resins, composition
of oils etc.1 These have been reported as highly
toxic and hazardous to living organisms.2 Due to
their potential toxicity and persistence in the
environment, rapid removal and detoxification is
needed before its emission in an environment.
Thus, various chemical and physical methods are
used but it having their own limitation and not
ecofriendly.  Biodegradation is a cheap,
ecofriendly alternative way of it. Studies on the
naturally pollutant-degrading microorganisms
termed as environmentally relevant
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microorganisms (ERM), include the isolation of
bacteria from the contaminated sites,  its
identification, its way to degrade compounds etc,
which might be act as green option to develop
bioremediation approaches for treatment of
environmental contaminants3-8  Thus, attempt was
made to isolate indigenous microbes from
industrially contaminated sites located nearby
Ankleswar, Gujarat, India. Literature survey
reveals that numerous microbes can able to
degrade phenolic compounds9. Microbes can able
degrade it in either aerobic or anaerobic conditions
such as anaerobic degradation by Pseudomonas
were described as early as 1976,  resorcinol10

degradation pathway of a fermenting bacterium
of the genus Clostridium11. Cell-free extracts of
this bacterium converted resorcinol to
dihydroresorcinol12 to form cyclohexanedione,
which is further hydroxylated to 5-oxohexanoate
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by nucleophilic attack on one of the carbonyl
carbon atoms.13 Recently a new species of the
genus Azoarcus sp. was described by Philipp and
Schink (1998) as an obligate nitrate - reducing
bacterium that converts resorcinol completely to
CO2 and N2

14.  Also fungus Penicill ium
crysogenum strain can able to degrade resorcinol
upto 1000 mg/l.15 Among them, our isolate,
Pseudomonas species are widely used to degrade
phenol and resorcinol.16  In nature, various
physiochemical factors might be affecting in
biodegradation process and microbial growth.
Thus, optimization of different parameters was
carried out at laboratory level.

AIMS  AND  OBJECTIVES
1. To be survey of polluted industrial area nearby

Ankleswar in Gujarat, India.
2. To be collect different soil samples

contaminated with dyes, phenol, resorcinol
compounds etc.

3. To be screen and isolate potential
microorganisms able to degrade resorcinol
compounds by enrichment technique.

4. To be identify the microbes isolated by
enrichment techniques by conventional
microbiological methods.

5. To check the ability of microbes to degrade
resorcinol by performing biodegradation
studies.

6. To determine the effect of various physical
and chemical factors during biodegradation
studies.

MATERIAL   AND  METHODS
Chemicals and reagents
Analytical grade chemicals were purchased from
Qualigens Fine Chemical Company
(GlaxoSmithkline),  Sisco Research Laboratories
Pvt Ltd.  The medium components were procured
from Himedia Ltd, Mumbai, India. Glasswares
were purchased from Borosil Glass Pvt. Ltd., India.
Isolation of resorcinol degrading microbes
by enrichment method
Contaminated soil samples were collected from
Amla khadi near Ankleshwar, Gujarat Industrial
Development Corporation (GIDC) near National
highway no.8. Sample preparation was done by
taking 1.0 gm of each soil samples, dissolved them
in 100 ml of sterile distilled water, kept for

homogenization on shaker at 120 rpm for 24 hrs.
After 24 hrs, homogenized soil samples were
centrifuged at 10,000 rpm for 10 min. and
supernatant was collected. 5.0ml of collected
supernatant was inoculated in 100 ml of sterile
Bushnell-Haas medium containing filter sterilized
10 ppm resorcinol, acting as an artificial medium.
Bushnell- Haas medium contains (grams/litre);
Magnesium sulphate (0.2); Calcium chloride (0.02);
Monopotassium phosphate (1.0); Dipotassium
phosphate (1.0); Ammonium nitrate (1.0); Ferric
chloride (0.05); but lacks the source of carbon and
nitrogen which are required for the growth of
microbes. In our experiment resorcinol acts as a
sole source of carbon and nitrogen.  For enrichment
of resorcinol degrading microbes, concentration of
resorcinol in the medium were gradually increasing
starting with 10 to 100ppm.  It was kept for several
days at 37oC on shaker at 120 rpm. After
development of enough turbidity, these enriched
cultures were streaked on Bushenll-Haas agar
medium supplemented with 100 ppm resorcinol at
pH 8.5 for isolation of microbes.
Characterization of Isolate
Only one bacterial isolate was found on Bushnell
Haas medium containing 100 ppm concentration
of resorcinol, pH 8.5. Morphological, Cultural and
Biochemical characterization were done following
the methods of Cappuccino and Sherman, (2002),
which is given in Table 117.
Biodegradation studies with different
parameters
Isolate was tested for its ability to degrade
resorcinol in oxic condition. Cells were inoculated
into the Nutrient medium for 24 hrs to increase the
cell biomass. Cells were collected by centrifugation
at 10,000 rpm for 10 min. 1.0 gm of dry  of  cells
inoculated in 100ml of sterile Bushenll-Hass
medium with 100 ppm resorcinol, pH 8.5 and kept
at 120 rpm at 37oC. 20ml of each sample was
removed after every 24 hrs and analyzed for
residual resorcinol content, pH change and biomass.
Biodegradation studies with different parameters
like resorcinol concentration 100, 500, 800, 1000
and 1500 ppm, pH 4.0, 7.0, 10, temperatures 27o,
37o, 47o C were carried out.
Analytical methods
Resorcinol concentrations were determined by
using 4-amino antipyrine method according to
APHA.18 Growth behavior of the isolate was done
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using dry weight method and pH by pH electrode.
All experiments were carried out in triplicate with
control.

RESULTS  AND  DISCUSSION
Isolation and Identification of bacterium

isolated from the soil sample of Amla khadi near
Ankleswar, Gujarat. Only one isolate was found
which utilize resorcinol as a sole source of carbon
and nitrogen from enriched Bushnell-Haas
medium. Identification of this microbe was carried
out using different properties listed in Table 1.

S/N Characteristics Isolate (Pseudomonas sp.)
A. Morphological
1. Gram reaction Gram Negative
2. Shape Long Rods
3. Motility Motile
4. Capsule formation Noncapsulated
B. Cultural
1. Nutrient Agar Large, Mucoid colony
2. Pigment on Nutrient Agar Fluorescent bluish Green
3. MacConkey’s Agar Lactose nonfermentor
4. Cetrimide Agar Successful Growth
5. Blood Agar Complete Haemolysis
6. Deoxycholate Agar Appearance of growth
C. Biochemical
1. Sugar Utilization

a. Glucose Negative
b. Lactose Negative
c. Sucrose Negative
d. Maltose Negative
e. Mannitol Negative
f. Xylose Negative

2. Indole test Negative
3. Methyl Red test Negative
4. Vogus Proskaurer’s test Negative
5. Citrate utilization Positive
6. Lysine decarboxylation Negative
7. Phenylalanine test Positive
8. Nitrate utilization Positive
9. Urea Hydrolysis Negative
10. Oxidase test Positive
11. Peroxidase test Positive
12. Triple Sugar Iron test

a. Glucose Alkaline
b. Lactose Alkaline
c. CO2 Negative
d. H2S Negative

Table 1 : Morphological, cultural and biochemical characteristies of an isolate

A bacterium capable of degrading resorcinol was
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These characteristic of an isolate was compared
with Bergey’s manual of systematic
bacteriology.19 On the basis of these it was
tentatively identified as Pseudomonas species.
It is a gram negative, long rod, motile bacteria
with monotrichous flagella. It can able to
produce fluorescent green pigment on nutrient

are ideal characteristics of Pseudomonas
species.
Biodegradation of resorcinol
Biodegradation of resorcinol in an artificial media
can be achieved when the microbes would be able
to utilize it as source of carbon and nitrogen.
Biodegradation results for the isolate shown
graphically in Fig 1(a).agar and able to grow on cetrimide agar which

It shows that degradation of resorcinol was start
within 48 hrs. Highest degradation was observed
within 72 hrs. Residual resorcinol was found to
be negligible after 72 hrs. As Bushnell-Haas
medium was lack in carbon and nitrogen source,
it might be possible that microbes can breakdown
in such a way by which it can be able to use it as
carbon and nitrogen source for growth. Further
study for identification of biological pathway,
intermediate products, end products, which act
as source of energy is required. Cell biomass

were increased within 24 and 72 hrs but after
that inhibition of the cells were observed. Death
phase of the microbes might be due to depletion
of nutrients or production of end products or due
to change in pH. In our experiment, dramatically
change into the pH was not observed within 48 to
72 hrs. But after that alkaline pH was observed
which might be one factor for inhibition of the
cells. Degradation can be predicted on the basis
of decrease in the concentration of resorcinol,
increase in microbial biomass and change in pH20.

Fig. 1(b) : Effect of different concentration of resorcinol (ppm)

Fig 1(a) : Biodegradation of resorcinol with change in resorcinol
concentration (ppm), pH and cell biomass (gm%)
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 Effect of different pH
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Various physical and chemical factors can be
affecting during the degradation of any compounds
in laboratory conditions as well as in nature. Thus,
effect of different parameters during biodegradation
was studied (Fig. 1). It was found that microbes
utilize 100 to 1000 ppm of resorcinol within 72 hrs
but higher concentration was found to be inhibitory.
Data of pH indicates that acidic (4.0) and alkaline
pH (10.0) were killing the microbes while pH 7.0
accelerates the growth. With respect to
temperatures, 27o and 37o C was not favor the
growth of microbes while 37oC favors the growth.
Thus, Pseudomonas species was capable of
growing in the media having high concentration
1000ppm of resorcinol, pH 7.0 and temperature
370C within 72 hrs in shaking condition which were
shown in Fig 1(b) to Fig 1(d) respectively.

CONCLUSION
Physical and chemical treatments utilized for the
removal of complex substances are expensive and
difficult to operate while biological treatments are
less expensive and eco-friendly. Use of microbial
flora for bioremediation of the contaminated sites
requires isolation, identification, selection of
suitable organisms as well as optimization of
environmental parameters suitable for their
growth. It can be concluded that species of
Pseudomonas might play an important role in
bioremediation of resorcinol.
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